Datum
Horizontal coordinate information is referenced to the North American Datum of 1927 (NAD 27 
Background
• The USGS assists DuPage County Stormwater Management Department with simulations of flood forecasts using the DuPage County flood forecast simulation system (DPC-FFSS) (Ishii and others, 1998 ).
• NEXRAD-MPE and USGS tipping-bucket rain gage precipitation data are currently (2018) used as alternate precipitation inputs to the system (Ishii and others, 2003; Ortel and Spies, 2015) .
• Determining the accuracy of these precipitation data is critical for selecting the precipitation data source for flood forecast simulation and predicting the simulation accuracy.
• The analysis distinguishes between liquid and frozen precipitation events based on an hourly temperature record and temperature threshold criterion from Over and others (2007) .
• This report is, in part, a continuation of the analysis by Over and others (2007) and covers the period from Feb. 1, 2002 1, , through Sept. 30, 2012 , including freezing days, which Over and others (2007) excluded. The results of Over and others (2007) and other published studies comparing precipitation estimates based on data from NEXRAD and rain gages are summarized in the "Previous Studies" section.
Previous Studies • Over and others (2007) compared NEXRAD data to the DuPage County gage network for the years 1997-2005 excluding freezing days. Significant findings included:
o After discrepancies during 1997-2001, the long-term spatial averages of NEXRAD-MPE and the DuPage County gage network data were similar for the 2002-5 period that overlaps with the period of this study ( fig. 1 ).
o The probability distribution of daily rainfall values indicated that the radar data exhibit more small values and fewer large values than the gage data.
o Differences between gage and NEXRAD total precipitation decreased with distance from the nearby KLOT radar site in Romeoville, Illinois (figs. 2, 3) . • Westcott and Knapp (2006) also compared NEXRAD-MPE data to radar-only and rain gage-only observations. Westcott and Knapp (2006) o The MPE product showed considerable improvement compared to the radar-only product for all four seasons.
o The MPE data were 25 percent lower than the daily rain gage records when averaged for the year.
• Additional NEXRAD and rain gage comparison studies include Young and others (2000) , Jayakrishnan and others (2004) , Westcott and others (2008) , Kim and Brubaker (2014) , and Price and others (2014).
Data Used in this Study
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NEXRAD-MPE Gage-Corrected Radar Precipitation Data
• Data Production by the National Weather Service:
o NEXRAD-MPE data combine hourly precipitation estimates from Weather Surveillance Radar 1988 Doppler radars on the 2.5-mile Hydrologic Research Analysis Project (HRAP) grid (Fulton, 1998) with quality-controlled rain gage data to create a "multisensor" product.
o Rain gage data retrieved from the National Weather Service (NWS) and the regional observing networks through local government and utility agencies are used to bias-correct the radar-only NEXRAD data.
o NEXRAD-MPE data for DuPage County and the surrounding area are produced by the NWS North Central River Forecast Center (NCRFC). NEXRAD-MPE data are obtained hourly by the USGS from the NCRFC through a Local Data Manager (LDM) feed. Updated hourly datasets are sometimes provided and replace the original dataset.
o NEXRAD-MPE data, as obtained from a river forecast center with updates, are similar to the mosaic of real-time NEXRAD-MPE data known as "Stage IV," but there are important differences between them because of the updates, which include additional quality control (Eldardiry and others, 2017) .
o See Kitzmiller and others (2013) for additional NEXRAD-MPE production details.
• Data Processing for this Study:
o NEXRAD-MPE data from the 50 different HRAP cells overlying the rain gages considered in this study (figs. 2, 3) were used.
o See Ortel and Spies (2015) for more information on NEXRAD-MPE data retrieval and processing by the USGS for the DPC-FFSS.
Rain Gage Network Data
• NEXRAD-MPE data are compared to data from two rain gage networks in this study:
1. USGS DuPage County rain gage network (tables 1, 2; fig. 2 )-25 gages (11 heated), daily data (midnight-to-midnight). These data were obtained from the USGS National Water Information System (U.S. Geological Survey, 2014).
2. CoCoRaHS network (tables 1, 3; fig. 3 )-51 gages in and near DuPage County with daily observations at about 7 a.m. local time. Data were obtained from the Global Historical Climatology Network (National Oceanic and Atmospheric Administration, 2014).
• Gage specifications:
1. USGS gages: Automated 6-, 8-, or 12-inch (in.) tipping-bucket rain gages with realtime transmission of tip data and, for most gages, dataloggers, were used. When available, the logged data were used as the primary data to avoid errors resulting from transmission problems. Gages were maintained and calibrated according to USGS standards. Data were checked by comparison with values at neighboring stations, and, during some years, missing and freezing-affected data were estimated by comparison with values at neighboring stations. See Murphy and Ishii (2006) , Bera (2014) , and Bera (2017) for more information.
Some missing data were estimated from nearby gages (Murphy and Ishii, 2006; Bera, 2014) . These estimated data were included in the analysis. During potentially freezing conditions as defined in this study, only data from heated gages were used.
2. CoCoRaHS network gages (https://cocorahs.org): Daily measurements were made by trained volunteer observers using an unshielded, 4-in. diameter, 11.3-in. capacity gage that provides measurements of rain and liquid-water equivalent of frozen precipitation.
CoCoRaHS network equipment and measurement procedures are similar to NWS cooperative observer network gages and are present at a higher density in populated areas (Reges and others, 2016) . Multiple local operational flood-control agencies and peer-reviewed scientific studies have used CoCoRaHS data as the basis for adjusting automated tipping-bucket or radar-based precipitation data (Reges and others, 2016; Simpson and others, 2017) Because of the high density of CoCoRaHS gages in the study area and their relative accuracy for both liquid and frozen precipitation, CoCoRaHS data are taken as the basis for evaluation of precipitation estimates from both the NEXRAD-MPE and the USGS rain gages in this study.
Temperature Data
• Hourly temperature data from the Argonne National Laboratory (ANL, figs. 2, 3) temperature record processed by the USGS (Murphy and Ishii, 2006; Over and others, 2010) were used (table 1).
• ANL-USGS temperature data are available in Bera and Over (2016) . Figure 2. U.S. Geological Survey (USGS) rain gages used in this study.
Note: The USGS rain gage identifiers in this map match map site numbers in table 2. Table 3 . CoCoRAHS network rain gages used in this study.
[CoCoRaHS, Community Cooperative Rain, Hail, and Snow; ID, identification number; NEXRAD, Next-Generation Radar; IL, Illinois; US, United States; N, north; NNE, north northeast; NE; northeast; ENE, east northeast; E, east; ESE, east southeast; SE, southeast; SSE, south southwest; S, south Figure 3 . Community Cooperative Rain, Hail, and Snow (CoCoRaHS) rain gages used in this study.
Note: The CoCoRaHS rain gage identifiers match map site numbers in table 3.
Methods
• Ground truth: Because of the advantages of CoCoRaHS data compared to automated tipping-bucket rain gages discussed in the section "Data Used in this Study," the CoCoRaHS data are treated as the ground-truth data set to which the NEXRAD-MPE and USGS rain gage data are compared.
• Time step: The rain gage data used in this study were archived at a daily time step and are analyzed as such. To compare the rain gage data, the NEXRAD-MPE were aggregated to daily according to the definitions of days used by the rain gage networks-USGS gages at midnight local standard time and CoCoRaHS gages at approximately 7 a.m. local time.
• NEXRAD-gage matching: Rain gages are matched to their overlying NEXRAD HRAP cells for comparison.
• Freezing/nonfreezing days: Data were sorted into two temperature-indexed categories based on the hourly temperature data from the ANL temperature record (Murphy and Ishii, 2006; Over and others, 2010) using the criteria from Over and others (2007) .
o Freezing days: if either of the following conditions are true:  9 hours or more below 34 degrees Fahrenheit (°F).  Daily mean temperature below 38 °F.
o Nonfreezing days: Days that do not meet the freezing days criterion.
• Heated USGS gages: On freezing days, only USGS rain gages designated as heated were used in this study.
• Definition of missing days:
o Networkwide analyses: For the daily values from the given rain gage network to be included in networkwide analyses in this study, a day had to have at least 10 nonmissing values for that network and the corresponding NEXRAD-MPE values, except during freezing conditions for the USGS gage network, when only the 11 heated gages were considered. In that case, a day had to have at least four nonmissing rain gage and overlying NEXRAD values to be considered.
o Paired rain gage-NEXRAD-MPE cell analyses: Both the given rain gage and its overlying NEXRAD-MPE cell had to be nonmissing for the day to be used.
o Computation of "Cumulative spatial averages": In networkwide analysis, a spatial or network average over nonmissing values on each nonmissing day was computed and added to the network average from the previous day to compute a cumulative spatial average (CSA).
• Precipitation Adjustment Factors:
o In the DPC-FFSS, a precipitation adjustment factor (PADJ) of 1.14 is applied (Ishii and others, 2003) to the USGS tipping-bucket rain gage data to better match NWS weighing-bucket gage data (Straub and Parmar, 1998; Straub and Bednar, 2002) . The same PADJ is applied to the NEXRAD-MPE data, because raw NEXRAD data are corrected to real-time rain gage data (Kitzmiller and others, 2013) , which also frequently comes from tipping-bucket gages.
o In this study, the same adjustment factor PADJ = 1.14 was applied when analyzing the NEXRAD-MPE and USGS gage data.
o No adjustment factor was applied to the CoCoRaHS data in this study.
o An additional snowfall correction factor of 1.40 is also applied in the current DPC-FFSS to account for poor gage catch efficiency under snowfall conditions. In this report rain and snow are not explicitly separated; therefore, the snowfall correction factor is not applied.
Results
• The main results of the study are presented in figures 4-10.
o Figures 4-7 present cumulative depth plots of two types: (1) double-mass curves showing the relations between cumulative averages at two of the three precipitation data sources and (2) scatterplots showing the relation between pointwise total precipitation at two of the three precipitation data sources. Plots are presented for both freezing or nonfreezing days.
o Table 4 presents tables summarizing the mean percent difference and mean absolute difference statistics from the scatterplots.
o Figure 8 presents plots showing the relation between the pointwise NEXRAD-MPE percent errors and distance from the KLOT radar.
o Figure 9 compares the probability distributions of the three precipitation data sources through their quantiles.
• Additional results are presented in two appendices.
o Appendix 1 presents daily precipitation quantile comparisons by year.
o Appendix 2 presents the dependence of hourly NEXRAD-MPE precipitation depth, occurrence, and intensity on temperature.
USGS Rain Gage Data on Nonfreezing Days
A B
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C D Figure 4 . Relation of USGS rain gage precipitation to precipitation from CoCoRaHS network rain gages and NEXRAD-MPE gage-corrected radar on nonfreezing days.
• Description: These plots exhibit the relation of the CSA of adjusted NEXRAD-MPE precipitation to the CSA of adjusted USGS gage precipitation (A); the relation of total adjusted NEXRAD-MPE precipitation to total adjusted USGS precipitation by gage ( • Notes: (1) In these plots, "adjusted" means a PADJ of 1.14 was applied; (2) in the CSA plots (A, C, D), missing days determined according to the networkwide criterion discussed in the "Methods" section were dropped from the analysis; (3) in the plot of total precipitation by gage (B), all available days of data for the given gage-NEXRAD cell pair were used; much of the intergage variation results from different lengths of record.
• Discussion: On nonfreezing days, adjusted USGS rain gage and NEXRAD precipitation depths agree on average in time (A) and space (B), though with scatter. Unadjusted USGS gages underestimate CoCoRaHS precipitation during the early part of the analysis period (C), but when adjusted, overestimate CoCoRaHS precipitation during the latter part of the period (D). Figure 5 . Relation of NEXRAD-MPE gage-corrected radar precipitation to precipitation from CoCoRaHS network rain gages on nonfreezing days.
NEXRAD-MPE Precipitation Data on Nonfreezing Days
B C D
• Description: These plots exhibit the relation of the CSAs of unadjusted (A) and adjusted (C) NEXRAD-MPE precipitation to the CSA of CoCoRaHS precipitation and the relation of unadjusted (B) and adjusted (D) total NEXRAD-MPE precipitation to total CoCoRaHS precipitation by gage. Periods analyzed were nonfreezing days, Feb. 1, 2007 1, , through Sept. 30, 2012 . The color bar indicates the number of gages reporting on each day in the analysis period.
• Notes: (1) In these plots, "adjusted" means a PADJ of 1.14 was applied; (2) in the CSA plots (A,C), missing days determined according to the networkwide criterion given in the "Methods" section were dropped from the analysis; (3) in the plot of total precipitation by gage (B, D), all available days of data for the given gage-NEXRAD cell pair were used; much of the intergage variation results from different lengths of record.
• Discussion: On nonfreezing days, unadjusted NEXRAD-MPE underestimates CoCoRaHS by about 16 percent on average; whereas with adjustment, the underestimate declines to about 4 percent, mostly in the later part of the study period. Scatter in the relation after adjustment is substantially smaller than that between NEXRAD-MPE and USGS gages (compare fig. 4B ).
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USGS Rain Gage Data on Freezing Days
B C D Figure 6 . Relation of USGS rain gage precipitation to precipitation from CoCoRaHS network rain gages and NEXRAD-MPE gage-corrected radar on freezing days.
• Description: These plots exhibit the relation of the CSA of adjusted NEXRAD-MPE precipitation to the CSA of adjusted USGS gage precipitation (A); the relation of the CSA of CoCoRaHS precipitation to the CSAs of unadjusted (C) and adjusted (D) USGS gage precipitation; and the relation of total adjusted NEXRAD-MPE precipitation to total USGS precipitation by gage (B). Periods analyzed were freezing days, Feb. 1, 2002 1, , through Sept. 30, 2012 for top row (A, B) , and Feb. 1, 2007 1, , through Sept. 30, 2012 for bottom row (C, D). The color bar indicates the number of gages reporting on each day in the analysis period.
• Notes: (1) In these plots, "adjusted" means a PADJ of 1.14 was applied; (2) in the CSA plots (A, C, D), missing days determined according to the networkwide criterion given in the "Methods" section were dropped from the analysis; (3) in the pointwise total precipitation plot (B), all available days of data for the given gage-NEXRAD cell pair were used; much of the intergage variation results from different lengths of record; only the 11 heated USGS rain gages (table 2) were used in the freezing days analysis.
• Discussion: On freezing days, precipitation measured by USGS gages, with or without adjustment, substantially underestimates both NEXRAD-MPE and CoCoRaHS precipitation.
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NEXRAD-MPE Precipitation Data on Freezing Days
A B C Figure 7 . Relation of NEXRAD-MPE gage-corrected radar precipitation to precipitation from CoCoRaHS network rain gages on freezing days.
• Description: These plots exhibit the relations of the CSAs of unadjusted (A) and adjusted (C) NEXRAD-MPE precipitation to the CSA of CoCoRaHS precipitation and the relation of unadjusted (B) and adjusted (D) total NEXRAD-MPE precipitation to total CoCoRaHS precipitation by gage. Periods analyzed were freezing days, Feb 1, 2007 , through Sept. 30, 2012 . The color bar indicates the number of gages reporting on each day in the analysis period.
• Notes: (1) In these plots, "adjusted" means a PADJ of 1.14 was applied; (2) in the CSA plots (A, C), missing days determined according to the networkwide criterion given in the "Methods" section were dropped from the analysis; (3) in the plots of total precipitation by gage (B, D) , all available days of data for the given gage-NEXRAD cell pair were used; much of the intergage variation results from different lengths of record.
• Discussion: On freezing days, unadjusted NEXRAD-MPE underestimates CoCoRaHS by about 6 percent on average (panel B) but overestimates CoCoRaHS by about 7 percent after adjustment (panel D). The CSA plots (panels A, C) indicate a reduction in NEXRAD-MPE relative to CoCoRaHS in about the last year of the study period, similar to nonfreezing day results ( fig. 5) . Scatter in the total precipitation by gage relations is substantially smaller than that between NEXRAD-MPE and USGS gages ( fig. 6B ). Freezing days Discussion: NEXRAD-MPE and USGS precipitation data agree to a similar extent with CoCoRaHS data on nonfreezing days. The fact that the cumulative mean USGS precipitation exceeds that of CoCoRaHS while agreeing with NEXRAD, while at the same time NEXRAD is less in cumulative mean than CoCoRaHS, appears contradictory. This fact, however, evidently arises from differences in time periods being considered, in the method used to compute the mean percent difference (pointwise or cumulative average), in the locations of the gages used, and in days considered missing, and indicates that these differences in cumulative mean are likely not statistically significant. On freezing days, however, the USGS gages substantially underreport CoCoRaHS, whereas NEXRAD-MPE values are in approximate agreement with CoCoRaHS, with a modest overestimation by adjusted NEXRAD-MPE. The adjusted NEXRAD-MPE's overestimation during freezing conditions would be minimized by using an adjustment factor of PADJ=1.08 instead of the standard PADJ=1.14, but the amount of data may not be sufficient to indicate such a revision would be reliable.
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Summary of Cumulative Spatial and Total By-Gage Comparisons
NEXRAD-MPE-Gage Differences and Gage-to-Radar Distance
Nonfreezing Days
A B
Freezing Days D Figure 8 . Relations between NEXRAD-MPE-gage differences and gage-to-radar distance.
• Description: These plots exhibit the relation between percent difference between total adjusted NEXRAD-MPE precipitation and that at corresponding USGS (A, C) and CoCoRaHS (B, D) gages on nonfreezing (A, B) and freezing (C, D) days, as a function of the distance from the KLOT radar location (figs. 2, 3) . Periods of analysis were nonfreezing (A) and freezing (B) days, Feb. 1, 2002, through Sept. 30, 2012, and nonfreezing (B) and freezing (D) days, Feb. 1, 2007 1, , through Sept. 30, 2012 .
• Notes: The NEXRAD-MPE and USGS gage precipitation data in these plots were adjusted with a PADJ of 1.14; R 2 indicates the coefficient of determination; and the p-value is the probability that the null hypothesis of zero slope is true given the observations (so small p-values indicate that it is unlikely that the true slope is zero). In the equation, 'y' is the value on the vertical axis and 'x' is the value on the horizontal axis.
• Discussion: On nonfreezing days, there are significantly increasing trends in the percent differences in total precipitation between NEXRAD-MPE and both sets of gage data of about 0.5 percent per mile as a function of distance from the KLOT radar. On freezing days, the trends are not significant.
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Daily Precipitation Quantile Comparisons
Nonfreezing Days A Figure 9 . Relations between daily precipitation quantiles and exceedance probability.
• Description: These plots exhibit daily precipitation quantiles at exceedance probabilities of 0.25, 0.10, 0.5, 0.25, 0.01, and 0.001 for all NEXRAD-MPE cells, USGS gages, and CoCoRaHS gages for the full record of available data during Feb. 1, 2007 , through Sept. 30, 2012 (A, C) and Feb. 1, 2002 , through Sept. 30, 2012 on nonfreezing (A, B) and freezing (C, D) days.
• Example: The quantile with exceedance probability of 0.05 (5 percent) gives the daily precipitation depth that is exceeded on 5 percent of days.
• Notes: NEXRAD-MPE and USGS gage values were adjusted by the PADJ=1.14. Only heated USGS gages were used for freezing days analyses. Data analyzed includes all precipitation values, including zeroes. Appendix 1 includes daily precipitation quantiles by year.
• Discussion: Results indicate that all three data sources have similar precipitation distributions during nonfreezing days. On freezing days, the NEXRAD-MPE data show a good comparison to the CoCoRaHS data, whereas the USGS values are progressively smaller than the others as exceedance probability increases, a result that seems consistent with the effects of heating the USGS gages.
Freezing Days
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Summary and Conclusions
• Methods Summary: Precipitation data in and near DuPage County, Illinois, from three sources were compared: (1) Next-Generation Radar (NEXRAD)-Multisensor Precipitation Estimate (MPE) gage-corrected radar, (2) an automated tipping-bucket rain gage network operated by the U.S. Geological Survey (USGS), and (3) the Community Cooperative Rain, Hail, and Snow (CoCoRaHS) rain gage network. Daily precipitation values from gages were paired with the overlapping NEXRAD-MPE cell values, and the accumulated data for all cells/gages were analyzed for long-term differences. Data from Feb. 1, 2002 1, to Sept. 30, 2012 , were used for NEXRAD-MPE and USGS gages, and data from Feb. 1, 2007 1, , to Sept. 30, 2012 , were used for CoCoRaHS gages. Based on previous comparisons of tippingbucket and weighing-bucket rain gages in the region, NEXRAD-MPE and USGS gage values were adjusted by applying a factor of 1.14.
• Results Highlights:
o All stated results include precipitation adjustment of 1.14 to NEXRAD-MPE and USGS rain gage precipitation.
o Nonfreezing day results:  NEXRAD-MPE and USGS gage-based accumulated precipitation depths were both similar on average to CoCoRaHs accumulated precipitation depths on non--freezing days during the Feb. 1, 2007 1, , to Sept. 30, 2012 , study period.
 NEXRAD-MPE percent differences in total precipitation from both CoCoRaHS and USGS rain gages increased significantly with distance from the KLOT radar.
 Precipitation quantiles indicate very similar results among the three precipitation products during nonfreezing conditions.
o Freezing day results:  Heated USGS gages exhibit a substantial low bias during the freezing days (CoCoRaHS and NEXRAD-MPE data were higher, on average, by 61 and 50 percent, respectively).
 NEXRAD-MPE provides on average a relatively accurate precipitation product (7.2 percent average difference from CoCoRaHS) compared to the USGS tipping-bucket gage network on freezing days.
 NEXRAD-MPE quantiles are in good agreement with CoCoRaHS gages during freezing conditions, but USGS gages substantially underestimate CoCoRaHS quantiles for all but the lowest exceedance probabilities.
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o Results on the temperature distribution of precipitation:  Most precipitation in the study area occurred at moderate temperatures of 30 to 74 degrees Fahrenheit (°F) .
 When precipitation was occurring, its average intensity increased with temperatures to about 86 °F.
• Discussion and Prospects:
o Freezing precipitation is known to be challenging to measure, especially in tipping-bucket rain gages (Rasmussen and others, 2012) . The convenience, short response, reporting times, and relative accuracy of such gages during nonfreezing conditions may, however, offset that weakness for this application.
o NEXRAD hardware and NEXRAD-based precipitation products continue to evolve, suggesting that ongoing evaluations of their accuracy would be valuable:
 Higher ("super") resolution data in the original polar coordinates began to be produced in 2008 (Torres and Curtis, 2007; Seo and Krajewski, 2010) .
 The NEXRAD radars were recently (2011-13) upgraded nationwide to feature dual-polarization; in particular, the KLOT radar was upgraded as of Oct. 31, 2011 (National Oceanic and Atmospheric Administration, 2017) . This upgrade, combined with associated data processing algorithms, should aid in discrimination of hydometeor types and improve the estimation of frozen precipitation, and may reduce range-dependent errors (Cunha and others, 2013; Zrnic and others, 2014) .
o The higher mean precipitation intensity seen at higher temperatures suggests that additional analyses of these precipitation data, as a function of intensity and temperature, might yield additional insights regarding precipitation data accuracy under different conditions; for example, stratiform and convective precipitation events. • Description: These plots exhibit daily precipitation quantiles at exceedance probabilities of 25, 10, 5, and 2.5 percent for combined values from all available U.S. Geological Survey (USGS) and Community Collaborative Rain, Hail, and Snow (CoCoRaHS) gages and Next-Generation Radar (NEXRAD)-Multisensor Precipitation Estimate (MPE) cells on nonfreezing ( fig. 1-1 ) and freezing ( fig. 1-2 ) days by year from 2002 to 2012 (for USGS gages and NEXRAD-MPE cells) and from 2007 to 2012 (for CoCoRaHS gages).
• Note: All values from USGS gages and NEXRAD-MPE were adjusted with precipitation adjustment factor (PADJ) =1.14.
• Discussion: During nonfreezing days ( fig. 1-1) , the largest differences among the quantiles occur for the 25 percent quantile when NEXRAD and CoCoRaHS exceed USGS gage quantiles during most years. For the other quantiles, substantial differences only occur during a few years, most consistently for 2009-10 when NEXRAD and CoCoRaHS quantiles mostly agree but are exceeded by the USGS gage quantiles. During freezing days ( fig. 1-2) , as expected from the multiyear quantile ( fig. 9 ) and cumulative average results (table 4) , USGS gage quantiles are generally less than those of NEXRAD and CoCoRaHS, with differences increasing with increasing exceedance probability (lower precipitation intensity). NEXRAD and CoCoRaHS quantiles track together except for 25 percent quantile when NEXRAD-MPE is usually higher. • Description: These figures exhibit mean hourly NEXRAD-MPE precipitation, including zero precipitation ( fig. 2-3 ) and all hours with reported precipitation (precipitation intensity) greater than or equal to 0.01 ( fig. 2-4 ) with air temperature in degrees Fahrenheit ( o F).
• Note: Precipitation data used in these plots are the hourly values from the 50 NEXRAD-MPE cells used in this study and are not adjusted. Data are sorted into 2 °F bins for the period Feb. 1, 2002 1, , through Sept. 30, 2012 . Data for temperatures >89.9 ºF and <10 ºF are not plotted; these make up 0.6 and 2.3 percent, respectively, of the hours, and 0.09 and 0.13 percent, respectively, of the precipitation depth.
• Discussion: Mean hourly precipitation (including hours with no precipitation) was lower during the coldest (< 30 ºF) and warmest (>74 ºF) temperatures ( fig. 2-3 ), but given there was precipitation, the average intensity generally increased with temperature until about 86 ºF, with values around ~0.10 inches/hour during temperatures of 68-86 ºF ( fig. 2-4) . The increase of mean intensity during precipitation with temperature indicates the effects of more convective as compared to stratiform (frontal) precipitation with increasing temperature, as convective precipitation is associated with the summer season in the midlatitudes and generally has higher intensities than frontal precipitation (Henderson-Sellers and Robinson, 1986, p. 132-135, 140-141).
